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Electron densities in two types of atmospheric pressure radio frequency plasma sources: dielectric 
barrier discharge (DBD) and discharge with bare electrode (DBE) are investigated by analysis of 
Stark broadening of Hydrogen Balmer (Hβ) lines. Voigt fitting is firstly employed to obtain the 
electron density below the theoretical lower limit of 1020 m-3. Fine-structure fitting method is further 
applied to verify the electron density for both plasma sources. When injecting power from 4 W to 20 
W, the electron densities are found in the range of 2.9-6.1×1019 m-3 and 3.6-8.6×1019 m-3 for DBD 
and DBE, respectively. The electron density study aims to gain more insight of the physics of cold 
atmospheric pressure radio frequency helium plasma. 
 
1. Introduction 
Cold atmospheric pressure radio frequency 
(13.56MHz) helium plasma sources have shown 
applications in surface modification, plasma 
medicine [1]. Electron density is important in creating 
chemically rich environment for those applications. 
However, data on electron density for atmospheric 
pressure RF discharges are still quite limited.  
In this work, electron densities were measured in 
two kind of plasma sources, which are typically used 
and represent most electrode structure in plasma 
sources [2], namely DBD and DBE. Electron 
densities between two plasma sources with the same 
dimension were compared at identical conditions 
including input power and gas flow rate. 
 
2. Results and discussions 
These plasmas are aimed for bio applications 
where low temperature is required. OH (A2Σ+Χ2Π, 
0-0) band were found in the spectra. Thus gas 
temperature can be approximated by rotational 
temperature of OH radicals [3]. When applying 
power from 4 W to 20 W at helium gas flow rate of 2 
SLM, their gas temperatures were sustained in the 
range of 316-344 K and 319-361 K for DBD and 
DBE, respectively. 
Stark broadening of Hβ was adopted for electron 
density measurements. First, gas temperature was 
used to calculate Doppler broadening and Van der 
Waals broadening in the Hβ line profile. Then, Voigt 
fitting was tried to calculate electron density with the 
equation (1) [4]:  
 
23 1.46808 310 ( / 4.8)e Starkn m
     (1) 
However, it turned out that electron density under 
1020 m-3 by Voigt fitting may introduce large errors. 
Finally, an advanced fine-structure fitting method 
was used to verify the electron density values. 7 fine 
components in Hβ line [5] were considered in this 
fitting method. Electron density from both fitting 
methods are presented in figure 1. DBE shows higher 
electron density than DBD at the same input 
conditions (power, gas flow rate). 
 
Fig. 1. Electron density obtained by both Voigt fitting 
and fine-structure fitting for DBD and DBE at power 
from 4 W to 20 W. 
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